This article reports on a Delphi study conducted to determine key issues and challenges facing Functional Requirements for Bibliographic Records (FRBR) research and practice. The Delphi panel consisted of thirty-three experts in the field who participated in a three-round issue-raising and consensus-building process via a Web-based survey instrument designed for this study. The panel members were asked to raise critical issues in each of five major areas based on themes in existing literature: (1) the FRBR model, (2) FRBR and related standards, (3) FRBR application, (4) FRBR system development, and (5) FRBR research. These issues were categorized and then rated for importance in the follow-up rounds. The results of this study provide a list of the most critical issues, based on importance ratings and group consensus, for future FRBR research and practice in each FRBR area.
Introduction
Functional Requirements for Bibliographic Records (FRBR) is a conceptual model of the bibliographic universe formally introduced in 1998 with the publication of the FRBR Final Report [1] of the International 1. This study is part of a three-year project funded by the Institute of Museum and Library Services (LG-06-06-0073). A two-page report highlighting the preliminary results of this study was published in a special issue of Bulletin of the American Society for Information Science and Technology (August/September 2007). The authors would like to thank all participants of this study. Lei Xie programmed the online instrument for the three-round Delphi survey, and Jacob Schaub and Vicki Ceci provided research assistance during the data analysis and writing process. The authors would like to also express their gratitude to the editors and the anonymous reviewers for their feedback and comments that helped improve this article, which is the winner of the Federation of Library Associations and Institutions (IFLA). Since its inception, FRBR has been embraced by library communities and has had an influence in shaping the direction of future cataloging rules, standards, policies, and, consequently, library practice and information system development. In the past decade, FRBR-related research and practice has been undertaken in various areas and is still growing rapidly. Despite the active discussion and exploration over the years, clear direction for FRBR development is lacking. The purpose of this Delphi study was to identify critical issues and challenges within FRBR research and practice through a three-round survey of a group of FRBR researchers, system developers, and members of related FRBR review committees. The input of this group is essential in identifying critical FRBR issues, gaining a broader understanding of these issues, and exploring possible future directions of further FRBR development effort.
Literature Review
The latest version of the "FRBR Bibliography" maintained by the FRBR Review Group contains 539 entries of FRBR-related publications, presentations, project Web sites, committee reports, project reports, Web sites, blogs, and other materials. 4 Literature related to FRBR has appeared mainly in journals with cataloging and technical services themes and also in books and conference proceedings. However, very few journals with broad coverage of the library and information science (LIS) field have published articles on FRBR. In an analysis of coverage of the organization of information-related literature in Library Quarterly during 1931-2004, Hope Olson [2, p. 19] called for future coverage of FRBR, along with other "contemporary issues in the organization of information," in the journal.
This literature review summarizes the major development of FRBR in the following four areas: (1) the FRBR model, background, and theory; (2) FRBR and related standards; (3) FRBR application; and (4) FRBR system development.
The FRBR Model, Background, and Theory A major body of the FRBR literature addressed the model itself and its theoretical background, covering model basics [3, 4] , interpreting the model [5] , evaluating the model [6] , and associating the model with other models such as CIDOC/CRM (International Committee for Museum Doc-umentation Conceptual Reference Model) [7] and CIS/INDECS (Common Information System/Interoperability of Data in E-Commerce Systems) [8] . As the FRBR model has been applied and implemented, there have been discussions on modifications meant to adapt the model to various practical applications [9] [10] [11] [12] [13] [14] [15] [16] . In addition, ongoing development efforts have been made to extend the FRBR model to include authority data under the model of Functional Requirements for Authority Data (FRAD) and to expand the FRBR group's three entities under the model of Functional Requirements for Subject Authority Records (FRSAR), to provide a complete view of the bibliographic universe [17] [18] [19] [20] [21] .
FRBR and Related Standards
The FRBR model has had a growing impact on the development of future cataloging rules and new standards for library communities by providing a common framework and terminology [3, 18, 22, 23] . The model has been identified as one of the themes in the literature of 2003 and 2004 related to changes in the area of cataloging and classification [24] .
Notably, the Joint Steering Committee for Development of RDA, charged with developing resource description and access (RDA), plans to align "the structure, concepts and terminology of the instructions more directly with the Functional Requirements for Bibliographic Records (FRBR) and Functional Requirements for Authority Data (FRAD) models" and "revise the instructions to facilitate collocation at the FRBR work and expression levels." 5 The impact of FRBR on other related standards such as International Standard Bibliographic Description (ISBD) [18, 25] , International Standard Serial Number (ISSN) [26] , Dublin Core [27] , and Machine Readable Cataloging (MARC) [28] [29] [30] have also been examined and discussed. Furthermore, the impact of FRBR beyond traditional library communities to serve as a basis to create uniform, international cataloging rules has also been explored and discussed [23] .
FRBR Application
In the current literature, FRBR application and implementation refers to effort that involves exploring and applying the model to organize, manage, and provide access to collections of resources. The effort includes theoretical and practical discussion as well as actual creation of a working product. In this literature review and the Delphi study, FRBR application refers to effort that focuses more on the theoretical and practical discussion of how to apply this model in various settings, collections, and disciplines, while FRBR system development refers to implementation effort that deals with the actual creation and development of working FRBR-based systems and supporting tools and utilities.
The FRBR model has been widely applied in various collections of resources. Besides typical library collections [31] [32] [33] [34] and subsets of library collections such as fiction [16] , serials [11, 26, 35] , and moving image materials [36] , FRBR has been explored in some special collections and specific disciplines-such as national literature [10, 37] , classical texts [32] , electronic resources [9, 38, 39] , handpress materials [12] , live performing arts [14] , music [13, 40] , oral tradition works [15] , and artwork [41] where FRBR applications may offer effective retrieval outcomes. In terms of application settings, FRBR has been applied in libraries [38, 42] , archives [9] , consortia [33] , digital libraries [9, 32, 43] , and museums [41] . While these various applications have been perceived as beneficial to users and effective for retrieval, specific application issues have been raised and discussed in individual cases, as well as collectively in review articles [44, 45] .
FRBR System Development
The FRBR system development effort involves implementation and related evaluation of FRBR-based systems, from full-scale working systems [33, 46, 47] to small-scale prototypes or experimental test systems [43, 48] , as well as supporting tools, algorithms, and utilities that facilitate building a whole working system [46, 49, 50] .
Current FRBR implementation projects are largely exploratory in nature, with the intention of developing possible approaches for implementing the model. Because understandings and interpretations of FRBR are diverse, subsequent applications and implementations can hardly be uniform. This is particularly true at this early stage of FRBR system development because of the lack of developed standards, guidelines, and adequate examples to guide implementation of the conceptual model. Implementation-related issues have been explored, identified, and addressed by various individual projects, as well as by collective reflections and evaluations of current implementation efforts [34, 44, [51] [52] [53] [54] .
In summary, FRBR development has been active in many areas. The FRBR area is still a relatively new one, rapidly evolving and full of opportunities and challenges. There are many emerging issues and unexplored areas at this early stage of development [51] . Notably, while it has been discussed extensively and agreed that the FRBR model offers opportunities for creating retrieval systems that better support user information seeking than traditional retrieval systems, the literature shows a lack of research incorporating empirical user studies. Also, while all FRBR-related effort could be considered FRBR research [51] , the core research areas need to be identified. As library communities embrace the changes that FRBR encourages, a clear direction for future FRBR development and research is vital for ongoing changes to future cataloging standards and practice and, consequently, development systems that better support user information seeking.
Method
This study employed the Delphi method to engage a panel of experts in identifying and rating the importance of critical issues within FRBR research and practice. The Delphi method has the following major characteristics [55] [56] [57] :
• Anonymity: Experts' input and responses remained anonymous before, during, and after the study.
• Iteration: The survey consisted of several rounds, with later rounds based on previous ones.
• Feedback: Experts had the opportunity to review their peers' contributions from previous rounds while anonymously, independently, and objectively contributing their own.
The method has been widely used in LIS research for various purposes. Examples include investigating future roles of LIS professionals and libraries [58] [59] [60] , gaining an understanding of issues related to digital libraries [61] , exploring the future development of electronic journals [62] , constructing a performance evaluation system for electronic libraries [63] , and exploring information needs and uses [64, 65] . The method has been recognized as an effective group communication technique to elicit issues or judgments in a subject area and to reach group consensus [57, 58, 66] .
Research Design and Participants
For the purpose of this study, a three-round Delphi method was used to survey a group of experts to elicit important FRBR issues and help reach a group consensus on the key issues for FRBR research and development.
The selected experts in this study met at least one of the following criteria: they had published on FRBR, had served on FRBR review groups, or had been directly involved in FRBR system development. As of February 2007, 123 individuals met the selection criteria and were invited to participate in the study; thirty-three of these accepted the invitation to form the panel for this study.
Instruments and Procedures
An online survey instrument was designed and used for this three-round Delphi study. Specific details for each round are described below.
Round one.-The first round was conducted during the last two weeks of March 2007. The participants were contacted individually by e-mail with a direct URL link to the round one survey site. The direct link contained a participant number for follow-up reminder purposes. The e-mail also included a step-by-step procedure for responding and the time line for this round.
In the first round of the Delphi survey, the panel members were asked to suggest up to three of the most critical issues facing FRBR research and development today in each of five major categories based on themes that have emerged in existing literature: (1) the FRBR model, (2) FRBR and related standards, (3) FRBR application, (4) FRBR system development, and (5) FRBR research. Participants were also asked to provide a brief rationale justifying the importance of each issue raised.
A follow-up e-mail was sent to members who had not responded five days before the round one deadline. After the deadline, there was a twoweek interim period between rounds one and two, during which the researchers compiled and analyzed the suggested issues and prepared for round two.
Round two.-The second round was conducted during the last two weeks of April 2007. The panel members were contacted individually by e-mail with a direct URL link to the round two survey site, an explanation of the procedure for responding, and the time line for this round.
In round two, the issues raised in round one were presented along with their respective rationales of why the issues were important. The participants were asked to rate the importance of these issues and introduce additional ones after reviewing their peers' suggestions and rationales. For ratings, the participants were asked to rate each issue on a ten-point scale, with one representing the least important and ten the most important. Also, for each rating, the participants were asked to provide a brief rating rationale.
A follow-up e-mail reminder was sent to members who had not responded five days before the round two deadline. After the deadline of this round, there was a two-week interim period between rounds two and three during which the researchers compiled and analyzed the results from round two and prepared for round three. Specifically, the researchers calculated mean scores and standard deviations of the issues in round two based on the rating scores, compiled the rating rationales of these issues, and gathered the new issues raised in this round.
Round three.-The third round was conducted during the last two weeks of May 2007. The members were contacted individually by e-mail with a direct URL link to the round three survey site, an explanation of the procedure for responding, and the time line for this round.
In round three, the FRBR issues were presented in their respective FRBR areas, ordered by mean rating score, along with the rating rationales generated from the previous round. The participants were asked to rate these issues using the same ten-point scale after reviewing the rating results and rating rationales generated collectively by the group. A follow-up e-mail reminder was sent to members who had not responded five days before the round three deadline.
Results
During round one, the panel suggested and submitted a total of 197 individual issue items independently, with respective rationales, in the five major FRBR areas. These original individual issue items were condensed into fifty-five FRBR issues, with similar issue items merged (see tables 1-5 for a listing in each respective area), and were presented in the next rounds for review and ratings by the panel. Some issues that encompassed multiple areas or contexts were represented in each respective area. Conversely, some issues did not correspond to a particular major area and were therefore listed in an "Other Issues" area.
In round two, participants had the opportunity to suggest new issues or challenges missed in round one. As a result, three additional issue items were raised during this second round. One of these three newly raised issues was subsequently identified as having already been covered in the fifty-five FRBR issues; the other two of the three issues were added to the existing list to make a total of fifty-seven FRBR issues for round three rating.
Rounds two and three were used to gain group consensus regarding the most critical issues among the panel members as they rated the importance of the issues after reviewing their peers' suggestions and rating rationales. The rating results and ranking of the issues are summarized in the following FRBR areas as the issues were originally raised and reviewed.
FRBR Model
The FRBR model area included issues regarding model evaluation, model modification, model expansion, and other related models. The panel raised the largest number of issues in this area. The group reached a better consensus in round three than in round two on most issues, as measured by the standard deviation of the rating scores. Table 1 summarizes the issues along with their respective mean ratings and standard deviations.
Model verification and validation using real data, applied in different communities, stands out as the most critical issue in this area. The specific reasons for the critical nature of this issue include the following:
• This is needed because libraries should not invest in new systems and major changes unless they pay off in some way.
• Verifying the validity of the model is key to its future acceptance.
• This is essential for further development and extension of the model.
• Large scale testing is needed to verify that the model is "correct"-in the sense that it actually captures the entities and relationships of concern to users of bibliographic information. The basic questions are, Is this the right way to model bibliographic information? Is this the model that end users and librarians want (or need)? • The FRBR model would need to be experimented in different application areas, in order to demonstrate its power and (possibly) the needed extensions.
• Need to apply it to a variety of formats because right now application has been limited.
• We need to know if there are differences in practice which are significant enough to be of concern. My suggestion is to take two or three metadata sets, drawn again from contrasting disciplinary communities, and apply both "FRBRs" to them.
An issue closely related to FRBR model verification and validation using real data is the need for user studies to verify the model (ranked fourth in this area) for the user-related components defined in the model because more closely meeting user needs and supporting user tasks are the fundamental motivations for FRBR development.
Another highly rated issue in this area (ranked second) is relating, mapping, harmonizing, and/or comparing the FRBR model and its terminology to other related models or schemes (e.g., Metadata Object Description Schema [MODS] and Metadata Authority Description Schema [MADS]) and models for other settings (e.g., CIDOC/CRM) in order to provide a foundation for the integration and interoperability of a variety of data sources. Although this issue was highly rated in both rounds, the panel did not reach a better consensus on the importance of this issue in the final round than in the previous round.
Further development and examination of FRAD, which is normally considered a critical extension of the FRBR core, was also among the most highly rated issues (ranked third). At the time of this study, the FRAD model document was in the process of the second worldwide review. This extension will help create the whole bibliographic universe, as authority data are an integral part of most library systems. Other issues raised and evaluated in this area included specific suggestions for FRBR model modifications and expansions, as well as teaching and understanding the model.
FRBR and Related Standards
The FRBR and related standards area mainly included issues regarding the development of standards, mapping of FRBR with existing standards, and other related standards. Table 2 summarizes the issues in this area and the rating data for each. In this area, compared to the previous round, the panel reached a better consensus on importance of all issues except one (ranked sixth), with a very minor change on the importance of the need to relate and map FRBR to other related standards.
Developing cataloging rules in line with FRBR was considered the most critical issue in this area. The specific reasons offered by the panel to explain the critical nature of the issue include the following:
• FRBR is just a conceptual model and thus bibliographic records should be redefined/remodeled properly in line with FRBR.
• Librarians think in terms of cataloging rules, not conceptual models.
The cataloging rules are the link between the FRBR model and the librarians.
• Critical to implementation, at least in the library environment.
Some issues in this area address specific standards critical to FRBR development-notably, standards for FRBR-based record structures, record encoding, and frameworks for FRBR implementation (ranked second); FRBR-oriented authority work standards (third); standards to ensure interoperability for exchange and sharing of FRBR-based data (fourth); FRBR entity-identifiers standards and a management mechanism (fifth); index standards in line with FRBR (ninth); and display standards for FRBR implementations (tenth). The panel considered that such standards will enable or promote the use of FRBR by making the conceptual model able to be implemented with specific guidelines. Other issues raised and evaluated in this area included associating and mapping FRBR to other related standards such as MARC, RDA, and ISBD.
FRBR Application
The FRBR application area included issues regarding FRBR application in a specific setting, discipline, or collection. Table 3 summarizes the issues and ratings received in this area.
Topping the list is the issue of a lack of FRBR application guidelines and examples. Some panel members pointed out possible confusing and challenging points in practical applications. For example:
• Understanding separation of work, expression and manifestation.
• Expressions have different boundaries in different communities and for different types of materials that are to be described.
• How to know what elements/relationships are significant to different Understanding of FRBR is considered vital to its application (ranked second). Some panel members observed incorrect presentation and interpretation of the model and inappropriate applications based on such misunderstandings. They warned that applications based on different interpretations and understanding of FRBR may limit interoperability (third), which is considered a key issue in an increasingly integrated electronic information environment. However, at the same time, the panel recognized the issue that FRBR application may vary between specific disciplinary communities because of the inherent differences within those communities and their respective interpretations of FRBR (fifth) and, therefore, called for specific community-based application profiles.
FRBR System Development
The FRBR system development area included issues regarding efforts to help make existing systems conform to the FRBR model (known as system "FRBRization") or build new FRBR systems. It is an area in which a number of highly critical issues (with a mean rating over 8.00) were raised. Table  4 summarizes the issues and ratings received in this area.
At the top of the list is the need to develop and test software tools that facilitate the FRBRization processes of converting existing data and systems to conform to FRBR requirements. The panel recognized that FRBRization of legacy data such as MARC records will be on a very large scale; the software tools, particularly those available in open source, are needed to reduce the cost of the conversion.
Second, various methods for FRBR implementation need to be explored, developed, and tested at this early stage of FRBR system development. Although it is highly desirable to have large-scale systems, FRBR prototypes and case studies are helpful in devising creative ways to use the FRBR model.
Third, FRBRization of existing data from a variety of differing standards and practices needs to be addressed from a practical standpoint. Automated processing tools were recommended because of the concerns of cost and feasibility of manual processing. Specifically, in the case of FRBRization of MARC records and current online library catalogs, tools for automatic interpretation and extraction of FRBR elements from MARC records were considered essential. The panel also raised some concerns and challenges in connection with FRBRizing MARC records due to current cataloging practice that makes current bibliographic and authority record structures inadequate for FRBR element extraction. For example:
• Redundancy in the input: in many cases the same data has to be generating them from existing unmodified catalog records is fraught with ultimately insoluble problems.
• Inability to determine the original language of a work from authority data (uniform titles), which is important for clustering records and for navigation and display.
• Difficulty separating form from subject headings (e.g., audiobooks, talking books, etc.) in bibliographic records, which prevents expression/manifestation records from fully inheriting data from work-level records.
Additionally, creating effective user interfaces was considered a key element in developing FRBR-based systems that support user tasks effectively (ranked fourth). Current online catalogs and cataloging practice largely support manifestation-level searching and display of results. Different search and display options based on the FRBR model need to be explored.
FRBR Research
As reflected in the literature review, FRBR research covers a very diverse range of topics, and there is a need to identify core research areas; FRBR user research has been the least addressed facet of the FRBR development effort. Table 5 summarizes the issues raised by the panel and ratings received in this area. It was not surprising that four of the five issues identified by the panel in this area are related to user-focused research. Topping the list is the need to conduct user studies to ensure that FRBR-based implementations benefit end users. Designing systems to best present FRBR information to end users and support search and display of FRBR entities and relationships remains to be explored and verified. It was also noted that current system development needs to be justified and supported by user research. More specifically, user research in FRBR-based displays and end-user tasks is another critical issue to be addressed to ensure that users will benefit from FRBR-based systems.
In addition, research is needed to facilitate effective FRBR implementation, particularly in the area of automatic processing of databases or fulltext electronic resources. This line of research is critical since current records and databases are not readily FRBR-compliant for accurate transformation, yet it is unrealistic and even impossible to recatalog existing materials. Many panelists felt that better automated discovery and processing is the key to solving this problem. Finally, linking records and documents is one of the most promising areas of future research in an increasingly digital environment.
Other Issues
Those issue items originally raised in rounds one and two that did not correspond to any of the areas presented above are summarized in table  6 . Although these issues were not rated as highly critical when compared with the top issues in the above areas, they do offer some interesting perspectives. Notably, the panel called for collaborating with vendors for FRBR development. The specific areas of collaboration suggested by the panel include working with vendors who offer services in "data enrichment," such as authority control processing, cleaning and improving data in MARC records, and assisting in identifying entities needed to facilitate the FRBRization process. Another collaboration idea was the possibility of a "nationally or internationally shared development of OPAC [Online Public Access Catalog] software." Analyzing semantic and syntactic relationships to support navigation was also considered important. One panel member suggested that providing navigation scenarios may help alleviate the confusion. Other issues in this category included deciding who is going to drive FRBR research and development, providing services for FRBR implementation, and addressing practical concerns for implementing FRBR in various environments.
Conclusions and Discussion
A review of FRBR-related literature and development effort since the model was formally introduced in 1998 reveals that FRBR is an emerging, fastevolving, and important area, the development of which is having a great impact on the future of the LIS field. This study applied the Delphi method to survey a panel of FRBR experts through a three-round issue identification and consensus-building process. Critical issues were suggested and ranked in the five major FRBR areas: the FRBR model, background, and theory; FRBR and related standards; FRBR application; FRBR system development; and FRBR research.
Among the issues raised and later rated in both round two and round three, a better group consensus was reached for forty-five of fifty-five (82 percent) issues, as measured with a smaller standard deviation for rating scores; ten of fifty-five (18 percent) issues directed a larger standard deviation for rating scores, showing that the disagreement among these issues was increased (see tables 1-5 for details). Overall, eight issues received a strong mean rating of 8.00 or above and thus emerged as the most critical issues across all FRBR areas (see table 7 ). Most significantly, with the highest mean rating and strongest consensus, the development of cataloging rules in line with FRBR stands out as the most critical issue in FRBR development. Specifically, there are calls for rules and standards for FRBR-based record structures, as well as record-encoding standards and frameworks for FRBR implementations (ranked second). In addition, FRBR-oriented authority work standards for FRBR implementations are also critical (ranked 6A). Collectively, these issues stress the need for developing standards and rules to guide FRBR implementations.
Along the lines of FRBR system development, the panel suggested exploring, developing, and testing various implementation approaches (ranked 4A) and recommended developing tools and software to facilitate automated FRBRization processes (ranked third). Also, FRBRization of existing data needs to be addressed from a variety of differing standards and practices (ranked 6C).
Regarding the FRBR model, the panel identified the need to verify and validate the model and suggested possible means for model verification and validation, such as using real data, applied in different communities (ranked 6B). The panel also identified specific model components that need to be tested and refined.
Finally, user research emerged as one of the top issues for FRBR development. As reflected by the literature review and observed by Allyson Carlyle in 2006 [5] , there has essentially been very little to almost no user research done in FRBR, particularly from users' perspectives. It is not surprising that the recently released report by the Library of Congress Working Group on the Future of Bibliographic Control calls for more FRBR-related user testing and evaluation before further development of RDA [67] . The panel in this study clearly identified the need to conduct user studies on FRBR-based systems to ensure that implementations benefit end users (ranked 4B). Such user research will not only help develop effective retrieval tools and systems that support user tasks but will also serve as the basis for developing related standards, rules, and library practice for better user services.
